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Toxic Q-Marker identification based on conventional application of traditional
Chinese medicine: Taking Fuodiae Fructus as an example
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Abstract: Objective To establish a method for the toxic Q-Marker identification of traditional Chinese medicine (TCM), based on the
scientific analysis on the conventional application of TCM and taking Euodiae Fructus as a case study. Methods Taking the literature
research of the conventional application of “Jiu Jian” and “Tang Xi” as the breakthrough point, the components of Euodiae Fructus
decoction were characterized by fingerprint and mass spectrometry technology, and the hepatotoxicity of Euodiae Fructus decoction was
evaluated by the growth inhibition rate, lactate dehydrogenase (LDH), alanine aminotransferase (ALT), and aspartate aminotransferase
(AST) of normal human liver cells (L02). The “spectrum-toxicity” relationship analysis was performed by grey relational analysis. Results
The hepatotoxicity of Euodiae Fructus decoction first increased and then decreased with the prolongation of boiling time. Through the
“spectrum-toxicity” relationship analysis, it was found that the polar components could be the hepatotoxic Q-Marker in Euodiae Fructus
decoction, and the polar components were characterized as isomers of caffeoyl gluconic acid. The scientific connotation of “Jiu Jian” and
“Tang Xi” was revealed and the hepatotoxic Q-Marker identification method of Euodiae Fructus was established. Conclusion It is
feasible to take the scientific analysis of conventional application as the breakthrough point for the toxic Q-Marker identification of TCM.
Key words: conventional applications of traditional Chinese medicine; toxic Q-Marker; Euodiae Fructus; fingerprint; spectrum-toxicity

relationship
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RGN EHRHEY) R K Euodia rutaecarpa
(Juss.) Benth.. £1J& Euodia rutaecarpa (Juss.) Benth.
var. officinalis (Dode) Huang 5Xiii B R4 ¥ Euodia
rutaecarpa (Juss.) Benth. var. bodinieri (Dode) Huang
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ARG, W R R AR TR O (R
ibal, fHE[E Fisher AW, ALK, HER. FHEE
GHARFB N b2l RASHFESIL 12 43, £l
FRAB B 2R BT T 03 5 8 R S AR
%2588 Euodia rutaecarpa (Juss.) Benth.. £ % Euodia
rutaecarpa (Juss.) Benth. var. officinalis (Dode) Huang
W BRI Euodia rutaecarpa (Juss.) Benth. var.
bodinieri (Dode) Huang [T RS, LK 1,

F1 REEHMER
Table 1 Specific information of samples

W5 5 K JEIR

S1 150301 Wi VEY

S2 1206170422 VAN R

S3 150801 T VEY

S4 141001 Wi ey

S5 141201 Wi ey

S6 150909 M) 1B SRR B
S7 1208011952 VL7 i B RAHL
S8 150504004 VL7 i B RAHL
S9 20150625 Vil i B RAHL
S10 150701 ML) ES 3
S11 121105 el ES 31
S12 140815 Wi ES 3

1.2 {4&§

1200 R 51 =R AR (0% 2245, ChemStation I
VESh, THREBESIRIINGE, Hahbress GEE
BATD; 6320 BFBEITEAMES CGEEZHe A
F]D; BP211D RUHL7 R (FEEZEZFIHELD;
LC-350A 875y R 25 A0 BEHL C5F 7 117 P X B A 2%
J7); KDM Rgsif s CER AR vl BN 28 AT R
AHD); BB-16 B A ARBRIEIRAE (fl B A (A
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M1); XSZ-D 55 Wik (HARRMKEHAFD;
Multiskan Go BIfHR Y (GF=EZ AT BAREIK
R EMERERD; 96 FLEF IR (L BET A H]);
HABONL (R EREAER) ) Simplicity 41
KA (G E B EEAF]D.,
1.3 ZHpEAH

NIEH 4 Lo2 e &, 6 [ b ERf2E R L
WA M A 2T, RS 10% 06 4 135 1)
DMEM B;7:3Erh, T 37 C. 5% CO, HEATH Ak
I, SEEG IR AN A KHEOH T .
2 AEEER
2.1 R HPLC B9 ELRYE L
210 RN A R SR RN R I

FEEFE, I RERCHI 1 mg/mL R0 S
2.1.2 Sl R R R (o
3500 0.5 g, KEEME, A 25 mL K, FRE,
IR FEE 60 min, AEIE S, FACKN A2 I 2K 11 )5
H, PRA), vERL, JEWGT 0.45 um ALEERE, HRAS.
2.1.3 A% A% Thermo Syncronis C (250
mmX4.6 mm, 5 um); B 0.3%WERK (A -
LG (B, BAEEVEME: 0~25 min, 4%~6.5% B;

25~32 min, 6.5% B; 32~37 min, 6.5%~8% B;

37~56 min, 8% B; 56~75 min, 8% ~17% B; 75~
90 min, 17%~20% B; 90~120 min, 20%~50% B;
120~135 min, 50% B; A 30 C; MARE 1.0
mL/min; KK 220 nm. A% LK 1.
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. 33
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0 20 40 60 80 100 120

El1 RZFKEEYIRI HPLC-UV E
Fig. 1 HPLC-UV chromatogram of total extract from Euodiae Fructus
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ah S o S IR, 20t 2 5RE . B BhILREL,
DAHR A B0 R A ot BRI, b T 34 MR,
gt S W 2, HEAE, SFESIRL
B AL 4 0.869~0.997, 45 L3 2.

2.1.6 fRLCEEESE AT KRS R SR AU g
12X 34 ¥ 46 4 SN SIMCA-P 14.1 HEAT idse /N —
Feik-HI MM (PLS-DA) U7, i sE i sy,
B 3 AN BRTERE Ry (cum) %] 92.5%,
A DURRERE AR e 92.5% 15 8, I T a4y

BT — LRI 85%, RN ALREHE R RE 2R (1 S 4L
Ry Ccum) =0.689, &I I3 g J1 () 2 %
O’ (cum) =0.724, —fihK R°F1 Q> KT 0.5
I, AR AR M R TIN E ) Ses,  nT LAEAT 43
B, DART 3 SRl 3D HUS K, WK 3, it
TIEF T (HCA), PRI 4. WK 3
I 4 7T CUE BRS04 3 28, FEAh S1~S5. S6~

0 19.57 39.13 58.70 78.26 97.83
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B2 12 #tREK %M HPLC YU EE
Fig. 2 HPLC fingerprints of 12 batches of Euodiae Fructus
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Table 2 Similarity results of HPLC fingerprints

Fe AABLEE

st s2 S3 S4 S5 S6 s7 S8 9  sto sil SI12 %
S1 1.000 0992 0.984 0.983  0.991 0.979 0992 0993 0.990 0.881 0.903 0948 0.993
S2 0.992 1.000 0984 0975 0979 0975 0995 0.991 0.991 0.869  0.899 0.962  0.990
S3 0.984 0.984 1.000  0.971 0.977 0990 0983 0978 0982 0913 0.898 0.964 0.986
S4 0.983 0975 0971 1.000 0993 0976 0.987 0985 0979 0917 0945 0932 0.993
S5 0.991 0.979 0977 0.993 1.000 0972 0.988 098 0977 0.897 0.920 0930 0.992
S6 0.979 0975 0990 0976 0972 1.000 0983 0983 0.988 0921 0912 0969 0.989
S7 0992 0995 0983 0987 0988 0.983 1.000 0997 0994 0.890 0918 0962 0.997
S8 0.993  0.991 0.978 0985 0.986 0.983  0.997 1.000 0996 0.888 0.919 0.960 0.996
S9 0.990  0.991 0.982 0979 0977 0.988 0.994 0.996 1.000  0.890 0916 0971 0.993
S10 0.881 0.869 0913 0917 0.897 0.921 0.890 0.888 0.890 1.000 0.953 0.879  0.909
S11 0.903 0.899 0.898 0945 0920 0912 0918 0919 0916 0.953 1.000 0.882  0.930
S12 0948 0962 0964 0932 0930 0969 0962 0960 0971 0.879  0.882 1.000  0.961
X 0993 0.990 0986  0.993  0.992 0.989 0.997 0.996 0993 0.909 0.930 0.961 1.000

/10
4 65 N5
81020

1-RRHE 2-IBRAKH 34158, K4
1-Euodia rutaecarpa (Juss.) Benth. 2-Euodia rutaecarpa (Juss.)
Benth. var. bodinieri (Dode) Huang 3-Euodia rutaecarpa (Juss.)
Benth. var. officinalis (Dode) Huang, same as figure 4

3 PLS-DA 134 3D H=E
Fig. 3 Scatter 3D plot of Euodiae Fructus samples through
PLS-DA

S9. S10~S12 7352 128, R0 AT B
BRI, RS, U R
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Fig. 4 Clustering dendrogram of Euodiae Fructus samples
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5 FRERIERERKEERN L2 4L KA
(X *s,n=3)
Fig.5 Effects of Euodiae Fructus samples on growth of L02

cells in different decoction time (X *s, n =3)
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AV FH AN R R BE TR 955 » AR AN LA I [R) -2
VER AR DG, 10 B B BT I () LA BRI S 2R o
BEPEMIPE

PIsEIe B RESE 48 h Ja 1) LO2 A e, W e isa7
5, BN 0.5 mg/mL ) MTT %% 200 puL, &
B R AR TR 4 hg, W BRI, LA
DMSO 100 pL, E&HS, HBHRACRI 570 nm

WA 4 . HANEMTE (IR, IR=1—24
W2 A E/RIRAL A B o AN[R) A I [R] (1) S22 B AE
st 102 4 A IR AR 4k 2k UL 6.

g LR WIAE 45 T AN [7) 1 25 e 00 1790 SR8 2 B A
Joi, LO2 40 M S IUAS [RIFR B R e B A, A& )
60 min FI, ZKAEOE L02 40 ) TR B R 1A ()
FERK TGN, 7E 60 min BEFIE(Y, 60 min Ji5 IR
N BRI R Fr g9 3, $Rs 1K A& I R AT
RAARR S 2 R0k N LE 5 T 400 PR 0 ) P 4 P o
224 AN[FIHTINR] ) SR AR SR LO2 4 i
7 LDH. ALT. AST [ BB IR 4 1
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Fig. 6 IR of Euodiae Fructus samples to L02 cells in different

decoction time (X *s,n=3)

F3 AREIRIERERITEFRIT L02 48 EiER+ LDH. ALT. AST iEERIZN (X £5,n=3)
Table 3 Effects of Euodiae Fructus samples on activities of LDH, ALT, and AST in supernatant of L02 cells in different decoction

time (X £5,n=3)

41 LDH/(U-L™) ALT/(U-L™Y) AST/(U-L™Y
X 827+ 5.61 19.60+ 9.80 1339+ 6.41
AP I 10 min 41.33413.51° 42.124 8.89™ 39.37+£13.30™
HIZ 20 min 42.074+12.74° 43.33410.17" 4123410.84™
HIZ 30 min 50.31+£15.62" 48.674+ 9.62™ 43.99412.19™
HiZ& 40 min 52.64+20.10" 50.54+13.28"" 47.62+16.417"
Hi& 50 min 58.79+21.17"" 60.07+16.18"" 5523+12.82""
Hi 60 min 61.26+21.01°"" 61.44+1572"" 58.72+15.89™"
HIZ 70 min 28.33+£16.41" 30.65+11.37" 30.69+15.68"
HIZ 80 min 30.15+£17.77" 33.584+10.23" 3145415117
HIZ 90 min 32.66+18.30" 352241096 3421+£12.54™
FiIZ 100 min 30.71+14.26" 31.77+ 7657 30.28+13.017"
FiIZ 110 min 26.22+13.80" 30.86+ 9.147 31.33+£10.87"
FiIZ 120 min 27.35+15.11 28.93+ 8.33" 28.90+11.02""

Hxhmaltis: "P<0.05 TP<0.01 “P<0.001
"P<0.05 "P<001 ""P<0.001 vs control group
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M 3 AT, SIRGTRIEI A2 60 min I, %)
LO2 40 M i) sema il 2l K, SR ZHAHELE, LDH,
ALT fl AST 3 B2 5% (P<0.001). R[]
£E 10~60 min I, FEEIZR REK, L02 40 1
JHW LDH. ALT Fl AST [AR L3850, SR 9T
INFIA) 24 60 min I, X L02 40 (5% mais 3l K, 5
f PR ZHA ELES, BRIRF LDH. ALT F1 AST (K88 K
FE i, A 61.26%. 61.44%K1 58.72%. 1E 60
min Z 5 FEE RS, 2 120 min 1, 5 60 min b,
HARRR B R B 55.35% 52.91%K1 50.78%. LA
FH U0 52 2K 0T AL B [R) J5 R T Ak B 0

B, JEA I N ) P A [ P oA 1 5
4 M () REPEAE T
2.3 EEHEESH

K HH Matlab (R2012a) ¥4, FI K 4Ky
AT R AR S T o AT G 3 LA 0 1 AR A
TFIEH, AR AT [R]85 B R o) L2 41 i b
T LDH. ALT. AST [FabR1E A BT, 5 Hii
AT RENWAE R, 73 v OGRS, AR ¢
IR R/ 7 5 B U X S8R AR B DTk FE /N, K
BRI T4 R 4.

ME 4 AT W, 6F L02 40 LDH.

A BN 102

T4 REREEBRERESNE

Table 4 Results of grey relational analysis

U LDH JCIp % I 5 AST JEBERE U ALT KIS
5 0.730 66 5 0.764 82 8 0.754 65
2 0.722 61 2 0.755 12 5 0.751 64
8 0.712 00 8 0.749 81 2 0.751 07
7 0.710 94 7 0.724 26 15 0.729 98
15 0.690 12 15 0.718 93 25 0.729 28
16 0.680 63 25 0.710 45 16 0.728 36
25 0.678 08 16 0.710 04 28 0.722 89
28 0.664 68 28 0.697 59 7 0.712 45
9 0.652 36 11 0.680 26 11 0.699 37
30 0.65172 30 0.679 70 9 0.696 15
AST. ALT #PEfakr, B 2. 5. 8 ¥y EMlk,
SIRER >0.7, SLBLT ARG KBk, R 2. * |
5. 8 AL L A HUKFUR B IE Ry . TEFR SR [ o278 e |
i, 2.0 5. 8 SUELE LG K 4% ~6.5% BT B, 7 e
BRI I, DR 3 O KR E RSy, PRk, 5% ol R i
K R (KRR 20 T R R AL 74 IR JLNY TV | NN W T W L
0 20 40 60 80 100 120

AT A FEUE B T SR80 “imike” kg likn]
AR SR 2 B (1) ST 23 12k o

24 [RIESH

240 RS CRH “2.1.37 RS L&A,
Y- 2 P 8 T 7K B Ak S [ A 5 ) P IR K s v 3t
AT TCEASTIN o SR FH S 25 37U IE A
R A 5 s HRIEHE m/z 50~1 0005
FIH L m/z 26 000/s; Wi %5 < % ) 241.325 kPa(35
psi); TR 350 C; FRAUHE 9 L/min;
EBHEHELE 4000V, b4 1. BETREL
Kl 7.

242 JFUEENT FUE TIC KT i AL T,
X 24 5y 8 RISy, 43 S A T U 3 i

t/min

AT TR B-IER RGN 16-S0 R

A-negative ions model B-positive ions model 16-chlorogenic acid

7 REFBEFEMMRIE TIC

Fig.7 Total ion chromatogram of Euodiae Fructus samples

K, FHERTY Seie e, Adsk MS" &R TIC 1K 1%
TR TR, RIS S A RTR A6
(e, S5-I S,
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(PR AMRIBOG I S s R R e 4 —3 Wil 2. 5. 8
I3 T AR TR REARZ 25 10 N 5 o SRR B AR AH [+
39 gtk e Bt R U,
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Table 5 MS analysis of contents in Euodiae Fructus
g FETHR () SEABFHA (i) MR R Ak J/nm biaitase)
2 MS" 3411 (100%), 359.1 (51.3%) S 4350 (100%), 357.0 (33.0%) 38 CisHiO A 218, 240, 298, 326 WIHEEFHTAR
MS% 163.0 (100%), 323.1 (144%) MS% 357.0 (100%), 1949 (10.9%) Dnin 264
MS 145.1 (100%), 135.1 (29.4%), 117.2.(20.3%) MS* 1949 (100%), 129.0 (5.6%), 339.0 (5.2%)

MS" 117.1 (100%), 89.3 (10.0%)
5 MS": 3411 (100%), 359.1 (40.9%)
MS: 163.0 (100%), 323.1 (12.1%)

S 4550 (100%), 357.0 (38 2%)
MS%: 357.0 (100%), 1949 (29.8%)

MS" 129.0 (100%), 1769 (19.2%), 158.9 (12.8%), 9.2 (7.1%)

358 CusHiOr Auax 218, 240, 298, 326 MR RHR
unin 264

MS?: 145.1 (100%), 135.1 (37.3%), 117.2 (14.6%) MS* 1949 (100%), 129.0 (6.2%), 339.0 (3.9%)

MS" 117.1 (100%), 89.3 (9.3%)

MS: 163.0 (100%), 323.1 (14.8%) MS: 357.0 (100%), 195.0 (10.8%)

358 CsHiOt A 218, 240, 298, 326 MIMEwE A 4R
unin 264

MS?: 145.1 (100%), 135.1 (324%), 117.2 (15.5%) MS 1949 (100%), 129.0 (9.6%), 339.0 (8.1%)

MS*: 117.1 (100%), 893 (7.9%)
16 MS"355.1 (100% 8% 451.0 (100%), 353.0 (55.1%)

MS 163.0 (100%), 145.1 (6.1%) MS?: 3530 (100%), 1909 (74%)

MS: 145.1 (100%), 135.1 (29.3%), 117.2 (26.0%) MS®: 1909 (100%

MS*: 117.1 (100%), 893 (6.1%)

(1
(
(
(
(
(
(
(
(
(
(
( (
( (
(

(

(

) )
) )
) )
) )
) )
) )
) )
) )
8 MS" 3411 (100%), 359.1 (57.3%) 8':455.0 (100%), 357.0 (744%)
) )
) )
) )
) )
) )
) )
) )

1111 (35.7%)

(I
(
(
(
(
(
(
M 129.0(100%), 1769 (22.1%), 1589 (15.2%), 9.2 (6.9%)
(
(
(
(
(
(
(

MS" 129.0 (100%), 1769 (18.5%), 158.9 (12.7%), 9.1 (5.7%)

34 CllgOy Amar 218, 240,298, 326 4EERE CHiffE)
i 264

MS" 1270 (100%), 853 (82.9%), 932 (58.8%), 172.9.(53.5%),

XPUE 2. 5. 8 IR B B 2 s AT b
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